The paper deals with simulation of damage spread in special structures with "waiting links." These structures are stable against dynamic impacts due to their morphology. They are able to transform "partial damage" through a large region, thereby dissipating the energy of the impact. We simulate various structures with waiting links and compare their characteristics with conventional designs.
INTRODUCTION
This paper describes protective structures that exhibit an unusually high dissipation when they are subject to a concentrated (ballistic) impact. Such a structure is defined as an assembly (network) of rods connected in knots and submerged into a viscous substance.
During the impact (hit), the kinetic energy of the projectile must be absorbed in the structure; the structure fails if it is unable to absorb the energy. While theoretically a material can absorb energy until it melts, real structures are destroyed by a tiny fraction of this energy due to material instabilities and an uneven distribution of the stresses throughout the structure.
We want to find a structure that absorbs maximal kinetic energy of the projectile without rupturing or breaking. The increase of the stability is achieved due to special structural elements, "waiting links," see [1] . These elements contain parts that are initially inactive and start to resist when the strain is large enough; they lead to large but stable pseudo-plastic strains. Structures with "waiting links" distribute the strain over a large area, in contrast to conventional unstructured solids in which the strain is concentrated near the zone of an impact.
EQUATIONS AND ALGORITHMS

WAITING ELEMENTS
Brittle-elastic bar.
Consider a stretched rod made from a homogeneous elastic-brittle material. If loaded, this material behaves as linear elastic, unless the length z reaches a critical value z f , and fails (becomes damaged) after this. The critical value z f is proportional to the length L of the rod at equilibrium
where the critical strain f is a material constant. If the rod is monotonically elongated, the force F monotone depends on its length z as
where k is an elastic modulus and s is the cross-section of the rod.
Damage parameter.
Generally, the elongation of an element is nonmonotone. In order to model the state of damageable rods, we add a principle: Once damaged, the rod stays damaged forever. Namely, we assume that the force F in a rod depends on its length z and on the damage parameter c:
where K is the elastic modulus. Damage parameter c is equal to zero if the rod is not damaged and is equal to one if the rod is destroyed. Development of the damage is described as the increase of the damage parameter c(z, t) from zero to one. The damage parameter can only increase in time; the increase occurs only when the length of the rod exceeds the critical value. The damage parameter stops increasing when the element is completely damaged. This formalism is similar to the description of damage suggested in [2] for brittle-elastic continuum. We suggest describing the increase of the damage parameter by the simple differential equation where z f is the maximal elongation that the element can sustain without being damaged, and v d is the speed of damage. The speed v d can be chosen as large as needed.
